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(57) ABSTRACT

[Problem]A power cable polymer connector 1s provided
which 1s lighter than when using a porcelain 1sulator and
can exert a free-standing property to maintain the arranged
position even 1f 1t 1s used horizontally. [Solution]A power
cable polymer connector 1 includes a polymeric msulating
tube 2 including a cable insertion hole 2a, 25 to allow an
insertion of a stripped end 101 of a power cable 100. The
polymeric insulating tube 2 further includes an msulation 20
including a polymer-based material and an embedded pipe
21 including a metal and embedded on an inner peripheral

surface of the insulation 20 so as to face the end of the power
cable 100.

2 Claims, 3 Drawing Sheets
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1
POWER CABLE POLYMER CONNECTOR

TECHNICAL FIELD

The present invention relates to a power cable polymer
connector using a polymeric insulating tube.

BACKGROUND ART

Since conventional porcelain msulator-type freestanding
dry terminal connectors have a relatively heavy porcelain
insulator, a freestanding dry terminal connector lighter than
the porcelain insulator has been proposed (see e.g., PTL 1).

The freestanding dry terminal connector 1s composed of a
flexible rubber 1nsulation layer having cable insertion holes
for insertion of an end side of a cable, and a freestanding
resin tube which 1s integrally provided in the 1insulation layer
in the middle of the thickness of the isulation layer so as to
extend 1n an axial direction and has electrical insulating
properties and rigidity.

By the above composition, the weight of the terminal
connector can be reduced by using the light rubber 1nsula-
tion layer and the resin tube as a core. Also, the free-standing,
property to maintain a vertical upright position can be
exerted by using the resin tube as the core. Thus, the
installation on utility poles can be facilitated.

CITATION LIST
Patent Literature

[PTL 1]
JP-B-5060800

SUMMARY OF INVENTION

Technical Problem

The conventional freestanding dry terminal connectors,
however, have the freestanding resin tube as the core formed
of the resin, so that 11 the connectors are used horizontally
it 1s difhicult for them to maintain the horizontal position by
itsell and the tip portion thereof may hang down. Thus, the
resin tube 1s not good enough for the core.

It 1s an object of the mvention to provide a power cable
polymer connector that has a lighter weight than the porce-
lain 1nsulator and exerts the free-standing property to main-
tain a horizontal position even 1f 1t 1s used horizontally.

Solution to Problem

To solve the problems mentioned above, the present
invention provides a power cable polymer connector com-
prising a polymeric insulating tube comprising a cable
insertion hole to allow an insertion of an end of a power
cable,

wherein the polymeric insulating tube further comprises

an sulation comprising a polymer-based material and
an embedded pipe comprising a metal and embedded
on an 1nner peripheral surface of the 1nsulation so as to
face the end of the power cable.

The embedded pipe preferably comprises an outer periph-
eral surface not more than 6.3 um in an arithmetic mean
roughness Ra.

Advantageous Effects of Invention

According to the present invention, a power cable poly-
mer connector can have a lighter weight than the porcelain
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2

insulator and exert the free-standing property to maintain the
horizontal position even 1f it 1s used horizontally.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a longitudinal-sectional view showing a con-
figuration example of a power cable polymer connector 1n a
first embodiment of the present invention.

FIG. 2 1s a cross-sectional view showing a power cable
shown 1 FIG. 1.
FIG. 3 1s a front view showing a main portion of a

configuration example of vehicle-to-vehicle connector 1n a
second embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

Embodiments of the invention will be described below 1n
reference to the drawings. Constituent elements having
substantially the same functions are denoted by the same
reference numerals 1 each drawing and the overlapping
explanation thereot will be omitted.

First Embodiment

FIG. 1 1s a longitudinal-sectional view showing a con-
figuration example of a power cable polymer connector 1n
the first embodiment of the invention. FIG. 2 1s a cross-
sectional view showing a power cable shown in FIG. 1.

A power cable polymer connector 1 1s formed mainly of
a polymer-based material (an insulating polymer materal),
and 1s provided with a polymeric msulating tube 2 having
cable 1nsertion holes 2a and 25 for 1nsertion of a stripped end
101 of a power cable 100, a protective metal {fitting 3 for
protecting a rear-end side B (opposite to an msertion direc-
tion A) of the polymeric imsulating tube 2, a conductor-
connecting rod 4 connected to a conductor 120 of the power
cable 100, a fixing terminal 5 to which the conductor-
connecting rod 4 1s attached, a high-pressure shield 6
connected to the conductor-connecting rod 4 via the fixing
terminal 5, and a waterproofing portion 7 for sealing

between the protective metal fitting 3 and the power cable
100.

Configuration of Polymeric Insulating Tube

The polymeric insulating tube 2 1s provided with a
flexible 1msulation 20 formed of a polymer-based matenal,
an embedded pipe 21 as a remforcing member or a core
formed of a metal and embedded on an inner peripheral
surface of the 1nsulation 20 so as to face an 1nsulation layer
140 of the end 101 of the power cable 100, an embedded
flange 22 as a remnforcing member or a core formed of a
metal and embedded in the insulation 20 on the outer
peripheral side, a first semi-conductive portion 23A for
relaxing an electric field at the end 101 of the power cable
100, a second semi-conductive portion 23B for relaxing an
clectric field 1n the embedded pipe 21, and a third semi-
conductive portion 23C for relaxing an electric field n the
embedded flange 22. The nsulation 20, the embedded pipe
21, the embedded flange 22 and the first to third semi-
conductive portions 23A to 23C, which constitute the poly-
meric insulating tube 2, are integrally formed using a mold
in a factory. The insulation 20 and the first to third semi-
conductive portions 23A to 23C here are an example of
insulation protective layer.

Plural umbrella portions 20aq are formed on the outer
periphery of the insulation 20 at certain intervals. The




US 9,633,767 B2

3

polymer-based material for forming the mnsulation 20 1s, e.g.,
a silicone rubber, an ethylene-propylene rubber (EPM) or an
cthylene-propylene-diene rubber (EPDM), etc.

The first cable nsertion hole 2a of the insulation protec-
tive layer located on the side B opposite to the insertion
direction A has a smaller inner diameter than an outer
diameter D, of the end 101 of the power cable 100, 1.e., of
the 1nsulation layer 140, before insertion of the end 101 of
the power cable 100, and 1s tightly 1n contact with the
insulation layer 140 once the insulation layer 140 of the
power cable 100 1s 1nserted.

The embedded pipe 21 1s formed of, e.g., a metal such as
brass or aluminum alloy. The embedded pipe 21 has, e€.g., an
outer diameter of 30 to 50 mm and a thickness of 2 to 5 mm.
To facilitate insertion of the power cable 100, the embedded
pipe 21 has the second cable insertion hole 26 having an
iner diameter D, which 1s larger than the outer diameter of
the 1nsulation layer 140. Since the outer peripheral surface
of the embedded pipe 21 1s covered with the second semi-
conductive portion 23B, it 1s possible to use a commercially
available product as the embedded pipe 21. Alternatively,
the second semi-conductive portion 23B can be omitted
when the embedded pipe 21 i1s formed to have a smooth
outer peripheral surface (e.g., with an arithmetic mean
roughness Ra of not more than 6.3 um).

The embedded pipe 21 also has a portion 21a which 1s
located at an end portion 1n the insertion direction A and 1s
exposed from the mnsulation 20 1n an axial direction of the
cable. The exposed portion 21a 1s connected to the high-
pressure shield 6 as a connecting member, and the high-
pressure shield 6 1s connected to the conductor 120 of the
power cable 100 via the fixing terminal 5 and the conductor-
connecting rod 4. As a result, the embedded pipe 21 exerts
a shuelding etlect. That 1s, 1n case of a structure 1n which the
embedded pipe 21 1s not embedded on the inner peripheral
surface of the insulation 20, a space between the inner
peripheral surface and the 1nsulation layer 140 of the power
cable 100 needs to be filled with an msulating compound to
prevent insulation breakdown. On the other hand, in the
present embodiment, since the embedded pipe 21 1s embed-
ded on the iner peripheral surface of the msulation 20 and
1s connected to the conductor 120 of the power cable 100, a
space between the embedded pipe 21 and the insulation
layer 140 1s a close space and there 1s no need to fill a
compound between the embedded pipe 21 and the msulation
layer 140.

The embedded flange 22 1s provided with a cylinder
portion 22a having a cylindrical shape and a flange portion
22b provided on the outer peripheral surface of the cylinder
portion 22a all around the circumierence. The embedded
flange 22 1s embedded in the insulation 20 on the outer
peripheral side so that a mounting surface 22¢ to be attached
to another member 1s exposed from the insulation 20.
Female screws 22d are formed on the mounting surface 22c¢
so that the embedded flange 22 can be attached to a case,
etc., by bolts 30. The embedded flange 22 having such a
configuration 1s formed of, e.g., a metal such as brass or
aluminum alloy and 1s connected to a ground when 1n use.

The first to third semi-conductive portions 23 A to 23C are
formed mainly of a polymer-based material. In detail, the
first to third semi-conductive portions 23A to 23C are
formed by extruding a polymer-based material which 1is
obtained by, e.g., dispersing conductive powder such as
carbon 1n a silicone rubber, EMP or EPDM, etc., and thus
has conductivity.

The first semi-conductive portion 23 A, before insertion of
the end 101 of the power cable 100, has a smaller outer
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diameter than the outer diameter D, of the insulation layer
140. The second semi-conductive portion 23B covers the
outer peripheral surface of the embedded pipe 21 except an
end portion on the insertion direction A side. The third
semi-conductive portion 23C covers a surface of the embed-
ded flange 22 which 1s not exposed from the insulation 20.

Other Configuration

The protective metal fitting 3 1s formed of, e.g., a metal
such as brass or aluminum alloy and 1s configured to allow
the power cable polymer connector 1 to be attached to a case
201A or 201B (described later) by the bolts 30.

The conductor-connecting rod 4 has a connection hole 4a
formed on the rear-end side and a male screw 45 formed on
the front-end side. After inserting the conductor 120 of the
power cable 100 1nto the connection hole 4a of the conduc-
tor-connecting rod 4, the diameter of the connection hole 4a
1s reduced by crimping the rear-end side of the conductor-
connecting rod 4 and the conductor-connecting rod 4 1is
thereby connected to the conductor 120 of the power cable
100.

The fixing terminal 5 has an 1nsertion hole Sa for inserting,
the conductor-connecting rod 4 and a connection hole 55 to
which an electric wire 1s connected. The conductor-connect-
ing rod 4 1s imserted into the insertion hole 5q, the male
screw 4b 1s tightened with a nut 40, and the fixing terminal
5 1s thereby attached to the conductor-connecting rod 4.

The high-pressure shield 6 1s formed of a metal and has
a cylindrical shape surrounding the conductor-connecting
rod 4. The high-pressure shield 6 connects the embedded
pipe 21 to the fixing terminal 5 and the conductor-connect-
ing rod 4 1s thereby shielded.

The waterproofing portion 7 1s formed by winding a
highly waterproof member, e.g., a polyethylene tape or
epoxy tape, etc., having an adhesive layer.

Configuration of Power Cable

The power cable 100 1s composed of the conductor 120
formed of a twisted wire, an inner semi-conductive layer 130
formed around the conductor 120, the insulation layer 140
formed around the inner semi-conductive layer 130, an outer
semi-conductive layer 150 formed around the insulation
layer 140, a shield layer 170 formed by winding wires 171
around the outer semi-conductive layer 150, a binding tape
layer 180 formed by winding a binding tape 181 around the
shield layer 170, and a sheath layer 190 formed around the
binding tape layer 180.

The conductor 120 1s formed by twisting plural strands
together. As the strand, it 1s possible to use a wire rod, e.g.,
a tin-plated soft copper wire, etc. The conductor 120 trans-
mits electricity with a high voltage of, e.g., not less than
7000V,

The 1nner semi-conductive layer 130 and the outer semi-
conductive layer 150 are provided to relax electric field
concentration, 1s formed mainly of a polymer-based mate-
rial, and 1s formed by extruding a material which 1s obtained
by, e.g., dispersing conductive powder such as carbon 1n a
rubber such as ethylene-propylene rubber, ethylene-vinyl
acetate copolymer (EVA) resin or butyl rubber and thus has
conductivity.

The insulation layer 140 1s formed by extruding a material
such as ethylene-propylene rubber, vinyl chloride, cross-
linked polyethylene, silicone rubber or fluorine-based mate-
rial, etc.
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The shield layer 170 1s formed by spirally winding the
wires 171 around the outer semi-conductive layer 150 along,
the axial direction of the cable. The shield layer 170 1s
connected to a ground when 1n use.

The binding tape layer 180 1s formed by spirally winding,
the binding tape 181, with an overlap, around the shield
layer 170 along the axial direction of the cable. The binding
tape 181 used can be, e.g., a plastic or rayon tape having a
thickness of 0.03 to 0.5 mm and a width of 50 to 90 mm.

The sheath layer 190 1s formed by extruding a material
formed by adding a cross-linking agent, etc., to a rubber
such as natural rubber, butyl rubber, halogenated butyl
rubber, ethylene-propylene rubber, chloroprene rubber, sty-
rene-butadiene rubber, nitrile rubber, chlorosulionated poly-
cthylene, chlorinated polyethylene, epichlorohydrin rubber,
acrylic rubber, silicone rubber, fluoro-rubber, urethane rub-
ber or halogen-iree polyolefin elastomer.

Functions and Eftects of the First Embodiment

In the first embodiment, the following functions and
cllects are obtained.

(1) Since a polymer-based matenal, which 1s lighter than
porcelain, 1s used as the insulation and also the thin embed-
ded pipe 21 1s used as a reinforcing member, the power cable
polymer connector 1 of the mvention 1s lighter than when
using a porcelain insulator.

(2) The embedded pipe 21 formed of a metal 1s embedded
on the 1mmner peripheral surface of the mnsulation 20. There-
fore, even when used horizontally, the power cable polymer
connector 1 of the mvention exerts the free-standing prop-
erty and can maintain the horizontal position.

(3) In addition to the embedded pipe 21, the embedded
flange 22 formed of a metal 1s also embedded in the
insulation 20 on the outer peripheral side. Therefore, even
when used horizontally, the power cable polymer connector
1 of the invention exerts the free-standing property and can
maintain the horizontal position.

(4) The outer peripheral surface of the embedded pipe 21
1s covered with the second semi-conductive portion 23B.
Theretfore, even if the embedded pipe 21 has a flaw on the
outer peripheral surface, electric field concentration due to
the flaw can be relaxed.

(35) The surface of the embedded flange 22, except a
portion exposed from the insulation 20, 1s covered with the
third semi-conductive portion 23C. Therefore, even if the
embedded flange 22 has a flaw on the surface, electric field
concentration due to the flaw can be relaxed.

(6) Since the embedded pipe 21 1s connected to the
conductor 120 of the power cable 100, a space between the
embedded pipe 21 and the insulation layer 140 1s a close
space and there 1s no need to fill a compound between the
embedded pipe 21 and the insulation layer 140.

Second Embodiment

FIG. 3 1s a front view showing a main portion of an
example of vehicle-to-vehicle connector in the second
embodiment of the mvention. The vehicle-to-vehicle con-
nector, to which the power cable polymer connector 1n the
first embodiment 1s applied, includes a power cable polymer
connector 1A attached to the case 201 A provided on a roof
of a railway vehicle 200A on one side, a power cable
polymer connector 1B attached to the case 201B provided
on a roof of a railway vehicle 200B on the other side, a
flexible electric wire 8 for connecting the two power cable
polymer connectors 1A and 1B, and insulation covers 9
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6

covering the conductor-connecting portions 4, the fixing
terminals 5 and the high-pressure shields 6 of the power
cable polymer connectors 1A and 1B.

To attach the power cable polymer connectors 1A and 1B
to the cases 201 A and 201B, the bolts 30 are screwed 1nto
the female screws 224 of the embedded flange 22 and
tightened with the protective metal fitting 3 in-between, as
shown 1n FIG. 1.

The power cable polymer connectors 1A and 1B are
connected to each other by attaching a conductor of the
clectric wire 8 to the respective fixing terminals 3.

Functions and Effects of the Second Embodiment

In the second embodiment, the following functions and
ellects are obtained.

(1) In the power cable polymer connectors 1A and 1B, the
embedded pipe 21 formed of a metal 1s embedded on the
inner peripheral surface of the msulation 20 and also the
embedded flange 22 formed of a metal 1s embedded 1n the
insulation 20 on the outer peripheral side. Therefore, the
power cable polymer connectors 1A and 1B hardly hang
down on the tip side even when positioned horizontally and
this allows the power cable polymer connectors 1A and 1B
to be used 1n a horizontal position.

(2) The power cable polymer connectors 1A and 1B are
connected to each other by the flexible electric wire 8.
Theretfore, even when the railway vehicles 200A and 2008
turn a curve, 1t 1s possible to follow the curve.

The present invention 1s not mtended to be limited to the
above-mentioned embodiments, and the various kinds of
embodiments can be implemented. For example, although
the cable terminal connector has been described in each
embodiment, the ivention 1s also applicable to a cable
intermediate connector.

In addition, although horizontal use has been described 1n
the second embodiment, the invention 1s also applicable to
vertical use.

In addition, some of the constituent elements in the
above-mentioned embodiments can be omitted or changed
without changing the gist of the invention. For example, in
the above-mentioned embodiments, the second semi-con-
ductive portion 23B may be omitted when forming the
embedded pipe 21 to have a smooth or mirror outer periph-
eral surface. Also, 1n the above-mentioned embodiments, the
third semi-conductive portion 23C may be omitted when
forming the embedded flange 22 to have a smooth or mirror
surface.

REFERENCE SIGNS LIST

1, 1A, 1B: POWER CABLE POLYMER CONNECTOR
2: POLYMERIC INSULATING TUBE

2a: FIRST CABLE INSERTION HOLE

2b6: SECOND CABLE INSERTION HOLE

3. PROTECTIVE METAL FITTING

4. CONDUCTOR-CONNECTING ROD

4a: CONNECTION HOLE
4b: MALE SCREW

5. FIXING TERMINAL
da: INSERTION HOLE
56: CONNECTION HOL.
6: HIGH-PRESSURE SHIELD

7. WATERPROOFING PORTION
8: ELECTRIC WIRE

9. COVER

20: INSULATION

L1
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20a: UMBRELLA PORTION
21: EMBEDDED PIPE

22: EMBEDDED FLANGE

22a: CYLINDER PORTION
22b6: FLANGE PORTION

22c: MOUNTING SURFAC,

(Ll

22d: FEMALE SCREW

23A: FIRST SEM.

US 9,633,767 B2

-CONDUCTIVE PORTION

23B: SECOND SEMI-CONDUCTIVE PORTION

23C: THIRD S

30: BOLT
40: NUT

100:

120:
130:
140:
150:
170:
171:
180:

POWER CABL.
CONDUCTOR

L1

CMI-CONDUCTIVE PORTION

INNER SEMI-CONDUCTIVE LAYER

INSULATION LAYER
OUTER SEMI-CONDUCTIV.

SHIELD LAYER
WIRE
TAPE LAYER

©, LAYER

10

15

181: TAPE
190: SHEATH LAYER
200A, 200B: RAILWAY VEHICLE

201A, 201B: CASE

A: INSERTION DIRECTION

B: REAR-END SIDE (OPPOSITE SIDE)

The mvention claimed 1s:

1. A power cable polymer connector, comprising a poly-
meric insulating tube comprising a cable insertion hole to
allow an 1nsertion of a stripped end of a power cable,

wherein the polymeric msulating tube further comprises

an 1nsulation comprising a polymer-based material and
an embedded pipe comprising a metal and embedded
on an iner peripheral surface of the msulation so as to
face the end of the power cable.

2. The power cable polymer connector according to claim
1, wherein the embedded pipe comprises an outer peripheral
surface not more than 6.3 um in an arithmetic mean rough-
ness Ra.
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